Abstract
1.INTRODUCTION
Numerical taxonomy has emerged as a branch of taxonomy which received a great impetus with the development and advancement in computers (Zhigila and Oladele, 2014) . Also known as mathematical taxonomy, taximetrics (Mayr, 1957) or phenetics (Pandey and Misra, 2009 ) numerical taxonomy marked its beginning from contributions of Sneath (1957) , Michener and Sokal (1957) which culminated in the principles of numerical taxonomy with an expanded and updated version numerical taxonomy (Sneath and Sokal, 1973) . Numerical taxonomy in itself neither produces new data nor a new system of classification, but rather a new method of organising data that may prove helpful in better understanding of relationships. Numerical taxonomy results a classification based on a greater number of characters from sets of data (multivariate) in an effort to develop an entirely phenetic classification of maximum predictivity. Numerical taxonomy has the power to integrate the data from variety of sources, being mathematical and quantitative it provides a more exact basis for classification and permits classifications to be built on wide range of characters. Adansonia digitata belongs to the family Bombacaceae. The family includes about 30 genera, six tribes and about 250 species Assogbadjo et al. (2006) . Common names include Boab, boaboa, bottle tree, upside-down tree, monkey bread tree, Bambuu, kukka, gullutu (Hausa), ose, igi-ose (Igbo) Baum et al. (1998) among others. Baobab is a multi-purpose tree with medicinal properties, beverages and numerous food uses of various plant parts, and bark fibres that are used for a variety of applications (Sidibé and Williams, 2002; Codjia et al., 2003) . Available studies so far indicate that baobab leaf and fruit pulp have high nutritional value in terms of vitamins and minerals (Nordeide et al., 1996; Baobab Fruit Company, 2003 ; Phytotrade Africa, 2006; Wickens and Lowe, 2008) . Apart from food, the species supply livestock fodder, fiber for clothing, material for hunting and fishing, shade and medicine for local people (Codjia et al., 2003; Sidibé and Williams, 2002) . Many of the products are sold in markets and are important source of income for people (Chicamai et al., 2004; Diop et al., 2005) . Due to its importance for non-wood forest products, baobab tree has been identified as one of the most important edible savannah trees to be conserved, domesticated and valorized in West Africa (Eyog et al., 2002 (Zhigila and Oladele, 2014) . Traditionally, plant taxonomy has dependent mainly upon comparative morphological features because these are easily observable in the living plants as well as in the herbarium specimens, requiring only keen observation, a hand lens or, at the most, a dissecting microscope as equipment Zhigila and Oladele (2014) . These external features show a wide degree of variation which helps in delimitation and identification of taxa. Morphology continues to be mainstay for plant identification, nomenclature and classification. In recent years, certain new trends have emerged in morphotaxonomic research. One of them is to exploit unexplored characters or the characters which have been neglected in the past. Until now, quantitative information related to the genetic and morphological diversity of baobab is poorly documented (Sidibé and Williams, 2002; Zhigila and Oladele, 2014) . Although the biogeography and floral evolution of Adansonia species and their systematic relationship with other taxa of Bombacaceae were studied by Baum et al. (1998) , additional studies are needed to consider patterns of diversity in relation to distribution and morphological variability found in the species. In the light of the above facts, the present study was conducted to examine and analyze the morphometric features of some varieties of A. digitata and the ordering of the varieties into higher ranking taxa based on the observed similarities and differences with the view of delimiting the species and setting the foundation for the improvement of these multipurpose plants for improved yield.
MATERIAL AND METHODS

Collection of Plant Materials
The leaves, fruits and seeds of Adansonia digitata were obtained during field trips to various locations such as open vegetation, plantations, houses and bushy areas from mature plant stands all in Sudan and Guinea savannah of Nigeria between December, 2012 and August, 2014. In line with taxonomic practice, fresh individual specimens were used for this study. Sickle of 10m tall was used to remove fruit pods and leaves. Photographs of all the specimens collected were taken with digital camera for study database.
Morphological Studies
The leaves were carefully observed for qualitative characters such as leaf type, leaflet shape, leaflet apex, leaflet arrangement, leaflet surface, leaflet base, leaflet margin, leaflet venation, leaf attachment and quantitative features such as the whole leaf length, leaflet length, leaflet width, petiole length and leaflet index were measured and recorded using standardized metric plastic ruler and Electronic Digital calliper. The fruit and seed morphological characters such as shape of pod, pod length, pod width, pod surface, pod index, seed type, number of seeds in a pod, seed colour, length of stalk as well as type of fruit, fruit streaks and fruit colour were observed, measured, recorded and range of variation of these characters among the operational taxonomic units were noted
Morphometric Analyses
Both qualitative and quantitative characters were used on randomly selected foliar and pod materials of 25 plant stands in a population as OTUs as suggested by Radford et al. (1976) . Mean values and the corresponding standard errors of the morphological characters measured were calculated and determined using SPSS version 20.
The ranges of variations of these characters among the Operational Taxonomic Units were also noted. Terminologies used were those of Olorode (1984) and Pandey and Misra (2009) . The steps taken for cluster analysis and principal component analysis followed those of Sneath and Sokal (1973) , Hill (1980) as amended by Zhigila and Oladele (2014). Table 1 gives the summaries of the qualitative morphological studies of leaves in varieties of A. Digitata. In all the OTUs studied, the leaf surface was either glossy or scarbid, the leaf stalk colour was green or tan and leaf stalk surface was smooth or hairy. Other qualitative morphological studies showed a very close relationship between the 25 OTUs. All the OTUs have green immature fruit pods, pale green or brown mature fruit pod and hairy. The pulp is fibrous and creamy white in colour (Fig. 12 ) and the seeds are bean-shaped in the entire OTUs studied (Fig.  10) . The analysis of the values of morphological features of the varieties of A. digitata from Nigeria with SPSS Version 20 software based on Complete Linkage Cluster Analysis indicated four cluster groupings (Fig. 13) . Leaf morphology in varieties of A. digitata shows a close affinity and some distinctions. In general, the leaves were observed to be multifoliate, entire leaf margin, acuminate leaf apex, pulvinus leaf base, palmate leaf type and alternately arranged; hence, these features are the same in all OTUs, and to be unreliable criteria to use as diagnostic characters. Other qualitative characters especially the leaf surface (glossy or scarbid), leaf stalk surface (smooth or hairy) and leaf stalk colour could be good diagnostic features in the OTUs studied. However, there were significant differences among leaf quantitative morphological characteristics measured (Table 1) . In general, leaves in OTU 10 (32.91 cm) were larger than those from other OTUs; while leaves from OTU 16 (15.16 cm) were the smallest. Medial (Terminal) leaflet length to broadest part and the medial leaflet width followed the same pattern of medial leaflet length. This has confirm an experiment by (Sanchez et al., 2009 ) that pruning plays a role in determining the size of baobab tree leaves, as leaves from pruned branches were found significantly smaller and thinner than leaves from not pruned branches in the same trees grown in the same environmental conditions. However, pruning does not affect the shape and the occurrence of number of leaflets of the leaves. The frequency of the number of leaflet per leaf varies significantly ( The fruit pods as observed in the present study seem to be diagnostic among the OTUs. The major diagnostic feature is the fruit pod shape, colour and size (Table 1 and Fig. 11 ). The shapes of the fruit pods observed were ovate (Fig. 9) , elongated ( Fig. 7) , cordate ( Fig. 8) and orbicular (Fig. 8) . The sizes were considered to be small when the mean of pods ranges from 71 to 150 mm (Fig. 11a) ; 151 -230 to be medium (Fig. 11b ) and large pod lengths measuring from 231 -310 mm (Fig. 11c) . In Table 3 , OTU 21 recorded the highest mean pod length (301.31 mm) and the highest mean pod width was recorded in OTU 10 (143.70 mm). The fruit pod colour also varies from pale green to dark green. The pod end form showed two distinct features -round or acute on both ends. The number of seeds per pod (Table 3) varies greatly among the OTUs with OTU 20 recorded the highest number (337.6) averagely and the lowest was recorded in OTU 13 (50.00). The seed shape among the OTUs showed close range of variations. Most of the seeds have bean/kidney shape ( Fig. 10 ) and so unreliable character for diagnosis. The seed colour ranges from brown to coffee brown. The stalk length showed that OTU 23 with 576.78 mm mean stalk length was the longest and OTU 14 with 52.28 mm mean stalk length was the shortest (Table 3) . The result of the clustering analysis showed that branching occurred at very low phenon line, which suggests broad and overall similarities among the varieties. This can be attributed to hybridization and ability of baobab to self pollinates (Heywood, 1982) . This analysis conforms to the delimitation of the thirty OTUs into four major groups using morphological characters but there are discrepancies in the sorting of the OTUs into the component groups. According Lawal et al. (2007) , these discrepancies are not unconnected with the clustering methods used i.e. Single Linkage, Average Linkage, Complete Linkage and Centroid Method. In the average linkage, there is always an attempt to relate the new OTU to an average value of extant group rather than to the similarity or difference within it. The complete linkage on the other hand joins an OTU to a cluster based on the greatest similarity with the farthest OTU already within the same cluster. The centroid method has a marked defect in that there is the tendency towards chaining in which most of the OTUs join an initial cluster once at a time.
RESULTS AND DISCUTION
CONCLUSIONS
In conclusion, the present analysis using morphological features of the varieties of A. digitata suggests the existence of variation among the samples and may form a basis for the possibility of delimitation of the taxon and mapping out of breeding schemes for improved yield. Specifically, the OTUs 4, 5, 7, 8, 10 and 12 showed major variation among the groups.
However, additional effort using other taxonomic markers like RAPD, ISSR, AFLP etc to support the present findings with a view to enhance the delimitation of the varieties of A. digitata is hereby recommended.
